EPA-R5-2019-004886_0000678

Seience of the Total Envirenment 490 (2014} 805-913

Cantents lists available at ScienceDirect

Science of the Total Environment

journal homepage: www . glsevier.cam/locale/scitoteny

The adoption of sustainable remediation behaviour in the US and UK: A
cross country comparison and determinant analysis

CrossMark

Deyi Hou **, Abir Al-Tabbaa ®, Peter Guthrie "

& Geotechnicol and Favironmental Research Group, Department of Engineering, University of Cambridge, Combridge (B2 197, UK
b Centre for Sustainable Development, Department of Engineering, University of Cambridge, Cambridge CBZ 182, UK

HIGHLIGHTS

= Ranked 27 sustainability considerations in remediation in the US and the UK
= Ranked promoting factors and barriers of sustainable remediation.

= Identified internal characteristics and external forces affecting GSR behaviour.
= Determined the statistical significance of each factor’s effect.

ARTICLE INFO ABSTRACT

Article history:

ived 11 Decermnber 2013

sed in revised form 21 April 2014
Accepted 5 May 2014

Available ondine xaxx

The sustainable rernediation concept, airned at maximizing the net environmental, social, and economic benefits
in contaminated site remediation, is being increasingly recognized by industry, governments, and academia,
However, there is limited understanding of actual sustainable behaviour being adepted and the determinants
of such sustainable behaviour, The present study identified 27 sustainable practices in remediation. An online
questionnaire survey was used to rank and compare them in the US (n = 112) and the UK (n = 54), The
study also rated ten promoting factors, nine barriers, and 17 types of stakeholders' influences. Subsequently, fac-
tor analysis and general linear models were used to determine the effects of internal characteristics (ie. country,
organizational characteristics, professional role, personal experience and belief) and external forces (ie. promot-
ing factors, barriers, and stakeholder influences). It was found that US and UK practitioners adopted many sus-
tainable practices to similar extents, Both U5 and UK practitioners perceived the most effectively adopted
sustainable practices to be reducing the risk to site workers, protecting groundwater and surface water, and re-
ducing the risk to the local community. Comparing the two countries, we found that the US adopted innovative
in-situ remediation more effectively; while the UK adopted reuse, recycling, and minimizing material usage more
effectively, As for the overall determinants of sustainable remediation, the country of origin was found nottobe a
significant determinant. Instead, organizational policy was found to be the most important internal characteristic,
it had a significant positive effect on reducing distant environmental impact, sustainable resource usage, and
reducing remediation cost and time {p < 0.01). Customer competitive pressure was found to be the most exten-
sively significant external force, [n comparison, perceived stakeholder influence, especially that of primary stake-
holders {site owner, regulator, and primary consultant), did not appear to have as extensive a correlation with
the adoption of sustainability as one would expact,
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1. Introduction sites needing cleanup (USEPA, 2004), and the European Environmental

Agency (EEA) estimated that its mernber countries have 246,000 sites

Land is not only a critical component of the earth's life support sys-
tem, but also a precious resource and an important factor of production
in economic systems, However, historical industrial operations have re-
sulted in huge swathes of contaminared land that are only slowly being
remediated. The US was estimated to have 294,000 hazardous waste
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with spil contamination requiring cleanup (EEA, 2007). In the UK,
England and Wales were estimated to have 33,500 contaminated sites
{EA, 2005). These contaminated sites represent a huge risk to the wel-
fare of current and future generations, Both the UK and the US govern-
ments have ambitious plans for dleaning up their tens to hundreds of
thousands of contaminated sites within the next few decades {Rogers,
1999; LISERA, 2002). However, at the current investiment pace, it may
take many decades, if not centuries, to clean up these historical sites
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(UJSEPA, 2004), It is imperative to develop technical solutions as well as
socioeconomic and political instruments to achieve sustainable restora-
tion of contaminated land while preventing the further contamination
of existing clean lands (Hou, 2011: Hou et al, 2012b). While
historically remediation focused on the removal and/or control of risks,
there has been a recent shift towards sustainable practices within the re-
mediation industry, The concept of “sustainable remediation” is increas-
ingly accepted by remediation practitioners (Ellis and Hadley, 2009,
Petruzzi, 2011, Lubrecht, 2012), as well as governments (CLARINET,
2002; USEPA, 2010; 1TRC, 2011b) and acadenia {Harbottle et al, 2008;
Sparrevik et al,, 2012; Owsianiak et al, 2013; Hou et al., 2014}, The in-
clusion of sustainability concepts in remediation decision-making also
provides an opportunity to integrate a wide range of considerations;
risk control, brownfield regeneration, carbon footprint, water footpring,
renewable energy, etc.

There is considerable variability in the adoption of sustainability
in remediation practice in various countries (Maurer, 2009), The UK
plays a leading role in promoting sustainable remediation in Europe.
In the most recent revision to the UK's contaminated land statutory
guidance, a key policy objective was to ensure that the remediation bur-
dens are “compatible with the principles of sustainable development”
{DEFRA, 2012). Two UK based organizations, CLAIRE and Surf-UK
have been active in advocating sustainable remediation not only in the
UK, but also Europe-wide, In 2010, Surf-UK, with coordination of
CLAIRE and sponsorship from the Home and Communities Agency of
the UK government, developed a framework for assessing the sustain-
ability of remediation strategies { Surf-UK, 2010). The sustainable reme-
diation agenda in the UK was also promoted by the urban renaissance
movement. Driven by a public policy mandating that 60% of new hous-
ing development should be built on brownfield land, England had 79%
of dwellings built on previously developed land in year 2008 {BCLG,
2009). The sustainable remediation, or green remediation, concept
did not win recognition in the US until very recently. The presidential
Executive Orders {EQ) 13423 and 13514, issued in January 2007 and
October 2009 respectively, promoted sustainable measures in federal
agencies’ operations. in 2008, the USEPA published a technology primer
on green remediation that incorporates sustainable practices in contam-
inated site remediation (USEPA, 2008). It was followed by subseguent
sustainable remediation initiatives in many other government agencies
and industrial associations {ITSC, 2009; Ellis and Hadley, 2009; USEPRA,
2009; Favara et al, 20171; Holland, 2011; Holland er al, 2011, YIRC,
2071 1h; USEPA Region 10, 2012; USEPA Region 2, 2012; UUSEPA Region
G, 2012; itinois EPA, 2012; Minnesota PCA, 2012; Oregon DE(), 2012).
it should be noted that there are also differences in “green remediation”
which is promoted by the USEPA and focuses on reducing environmen-
tal footprint of remediation operations, and “sustainable remediation”
which is more widely accepted in Europe and incorporates social,
econoinic, and environmental sustainabilicy {ITRC, 20711h: Hou and
Ab-Tabbaa, 2014).

While many initiatives have taken place to promote sustainable be-
haviour in the remediation field, little is known on how effectively such
sustainable behaviour has been adopted, and what may affect its adop-
tion. In the present study, data from a survey of remediation practi-
tioners was used to compare the adoption of sustainable remediation
in the US and UK, The survey primarily focused on the US and the UK,
mainly because these two countries have relatively large remediation
markets and they both have shown strong interest in sustainable reme-
diation, as evidenced by government policies and guidance {USEPA,
2008; ITRC, 2011h; DEFRA, 2012), as well as industrial initiatives in
these two countries {Ellis and Hadley, 2008; Surf-UK, 2010). The survey
also collected information on organizational properties, individual char-
acteristics, institutional forces, and stakeholder influences, Subsequent-
by, multivariate statistical analysis was conducted to identify potential
determinants of the adoption of sustainable behavigur. This study
aims to provide insights for sustainable behaviour, to researchers, policy
makers, and practitioners, not only in the remediation field, but also in
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the wider sustainability field. The present study is built on the social,
economic and environmental tripartite model. It is recognized that
many other sustainability models exist {Kates, 2010), but the tripartite
miodel is selected due to its wide acceptance in the sustainable remedi-
ation commurity.

2. Materials and methods
2.1. Survey design

2.1.1. Sustainability considerations

Sustainability is an overarching concept with many practical implica-
tions. In the remediation field, various guidance documents, whitepapers,
and policies have provided a wide range of sustainability considerations
{EURCDEMO, 2007; USEPA, 2008; Ellis and Hadley, 2009; Surf-UK|
2009; USACE, 2010; TTRC, 2011b), Based on an extensive review of
existing literature, the present study identified 27 sustainability consid-
erations, which were rated by respondents in the questionnaire survey
{see Supporting Information {51]}. Some of these sustainability consid-
erations tended to be generic, They were selected to maximize their po-
tential of being incorporated into a wide range of contexts (e.g, across
mudtiple countries and multiple work types). Consequently some spe-
cific sustainability practices, such as remedial process optimization
{Hou and Lew, 2009), were not included in this survey, In addition, the
selected sustainability considerations span across social, economic,
and environmental spectrums. The survey gquestion was “how effective
is your teaim in adopting the following ‘sustainability’ considerations in
developing remediation strategies?”, and the responses wetre givenon a
5-point scale (1: not at ali — 5: very effective). It should be noted that
this list of sustainability considerations was not built on a systematic
and exclusive literature review, therefore, it by no means represents
all potential sustainable remediation considerations. However, the
authors believe that this list represents the majority of sustainable
remediation considerations that are commonly accepted by the sustain-
able remediation cormmunity,

2.1.2. nternal characteristics and external forces

in the present study, potential determinants of sustainable behav-
iour were classified into two groups: internal characteristics and exter-
nal forces, The internal characteristics represent the internal features
that are assodiated with the decision maker {i.e. respondent), while
the external forces represent the outside conditions faced by them. In-
ternal characteristics studied in the present study covered three levels:
the personal level {professional role, professional experience, and per-
sonal belief), organizational leve} {organization size, and organizational
policy), and societal level {the US or the UK). Three types of external
forces were measured in this survey: prometing factors, barriers, and
stakeholder influences, For promoting factors, the survey question was
“How important are the factors listed below in motivating your team
to adopt sustainable practices in remediation?”, and responses were
given on a 3-point scale (1: not at all — 5: very important). For barriers,
the survey question was “Have the following barriers impeded your
team in adopting sustainable practices in remediation?”, and responses
were given on a 5-point scale (1; not at all — 5; very significant).
Detailed descriptions of alf these variables and the corresponding ques-
tionnaire items are provided in SL

2.2, Survey procedure

The survey questionnaire was designed following extensive litera-
ture review on sustainable remediation, and according to general gues-
tionnaire survey guidance {Brace, 2004; Dillman, 2007, Sars and
Galthofer, 2007). The pilot guestionnaire test was conducted with ten
remediation practitioners and based on their feedback, the question-
naire was revised. A finalized survey questionnaire was setup online
and emailed 1o potential survey participants. The survey included a
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Table 1
Respondent characteristics.

Respondent types Number of respondents Number of respondents

(LIS) (UK
Total 112 54
Stakehaolder type
Site owner 7 4
: 3 17
i < 68 18
Others {coniractor, 34 15
vendor, academic, etc)
Professional role type®
Director 26 1z
Project manager 49 17
Tecl Xpert 59 27
Field warker o] 7

o

ional rojes.

Each respondent may have multiple profe

consensus agreement at the beginning to ensure that confidentiality
and anonymity are understood and that the survey participants are
completing the survey on a voluntary basis, Potential survey partici-
pants included 1480 email contacts which were collected from personal
contacts and online remediation publications, as well as two email lists
for remediation professionals in the UK (JISCmail and CLAIRE) which in-
cluded approximately 5500 listed members. A total of 223 effective re-
sponses (i.e. responses with more than 20 answers) was received
from survey participants in 16 countries, with the majority received
from the US (n = 112) and the UK (n = 54). Roughly 9.5% of email re-
cipients (who may or may not have read the email) provided effective
responses; and of the 357 individuals who accessed the questionnaire
webpage, 62% provided effective responses, During the survey, it was
recognized that many email addresses were probably not active email
addresses, and many recipient from the email lists may not be reading
the emails, Therefore, the above ratios only provide rough indication
of response rate, and it may not be directly comparable to response
rates in traditional mail survey.

Because there is no central database for remediation practitioners, it
was not feasible to conduct randorn and representative sampling in the
present survey. A convenience sampling approach was used in order to
obtain a useful number of responses. it is likely that the survey partici-
pants may over-represent those who are interested in sustainable
remediation, as well as high level decision makers. But this bias is ex-
pected to have limited effect on the comparison and correlation analy-
sis, because this bias would be applicable to both the US and the UK
practitionerss. When comparing respondents from the US with those
with the UK as for professional roles, they have similar representation,
i.e. a similar percentage of high level decision makers, managers, techni-
cal staff, and field practitioners. When comparing the US and UK respon-
dents as for stakeholder type, they have similar representation for site
owner and other types, but the UK respondents over-represent

Tabie 2
Summary of latent constructs to measure sustainability.

regulators while the US respondents over-represent primary consul-
tants. Readers of this paper should be cautious about the conclusions
drawn in the paper due to this bias in sample distribution. Table 1
shows the distribution of survey respondents and additional discussion
regarding the sample representativeness is provided in SL

2.3. Statistical analysis

The present study represents a quantitative analysis of sustainable
remediation practice. It is built on existing qualitative studies that
have been conducted by several organizations, including SURF, NICOLE,
SURF-UK, and [TRC (EHis and Hadley, 2009; NICOLE, 2009; Surf-UK,
2010; ITRC, 201 1h). The quantitative analysis is considered a valuable
supplement to existing qualitative literature because it provides confi-
dence levels and statistical significance values in the testing of conclu-
sions that can be drawn, as well as hypothesis that can be derived,
from existing qualitative studies. In the present study, factor analysis
{FA), a commonly used statistical technique in questionnaire develop-
ment and analysis {Sharma and Henrigues, 2005; Field, 2009}, was
used to establish latent constructs from questionnaire iterms. It extracts
comimon factors from a large number of observed items by assuming
these commoen factors had caused the manifest variables to covary.
The factor analysis was conducted using the principle component meth-
od with varimax rotation to identify latent factors. The latent constructs
identified by the FA were then used as dependent and predictor vari-
ables. This study used the general linear model (GLM) to examine the
relationship between sustainability practices {Le. dependent variables)
and internal characteristics of the actors, as well as external forces
{i.e. predictor variables). The statistical software SPSS was used to con-
duct the analysis (IBM Corp,, 2010). The GIM was chosen over the mul-
tiple regression approach because GLM can analyse multiple variables
at one time, and it is also capable of dealing with independent variables
that are not linearly independent, as well as categorical predictor vari-
ables (Sharma and Henrigues, 2005),

3. Results and discussion
3.1. Ranking and cross-couniry comparison of sustainable behaviour

Fig. T shows the rating of the adoption of 27 sustainability consider-
ations by the US and UK remediation practitioners. The top three sustain-
ability considerations were: “reducing site worker's risk”, “protecting
groundwater and surface water”, and “reducing local community risk”,
which is consistent with the core value of existing decision making frame-
waorks in contaminated land remediation (USEPA, 1988: EA, 2004), Social
sustainability {e.g. "enhance local employment”, “bring prosperity o

disadvantaged community™) and sustainable resource usage {e.g. “mini-

mizing material use”, "using sustainable energy”) were ranked among
the lowest, suggesting that these sustainability considerations have not

Construct llems

Reliability®

Social-economic sustainabilit
Reduce remediation cost and time (RRCT)
Increase development value (IDV)

Social responsibility {SR)

Environmental sust

Maximize area for redeveloprnent;

Minimize iong-tenm managernent; using fast-track remediation; reducing life-cycle cost .65
increase property value 475
Enhance local ernployment; bring prosperity to disadvantaged cormmunity; encourage public participation 0.68

Reducing immediate environmental impact {RIEI) Minimizing waste generation; minimizing local scale secondary impact; reducing local community 1 0.33
rajirnizing risk to ecologicat systems; protect groundwater and surface water; protect habitat and
ysten
Reducing distant environmental impact {RDED Minirmizing glabal scale secondary rapact; miniraiziog water consumption; conserve natural resources; 086
using environrnenial fendly products; minimizing energy use/maximize efficiency
Sustainable resource usage (5RU) Enhancing reuse and recycling; using sustainable energy; minimizing material use; minimizing energy 0.79

use/maxirnize efficiency; generating electricity from by-products

a

For two-itern scales, correlations ave reported. For other scales, Cronbach's alpha is reported.
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Mudtivariate general linear mwodel results of relationship between sustainability practices and intrinsic actor characterdstics and external forces.

Predictor variables Environmental sustainability Sacial/economic sustainability
Immediate environmental  Distant environmental — Sustainable resource  Remediation Development  Social responsibility
impact (RIEI) impact {RDEI) usage {SRU) cost/time (RRCT) value (IDV) {SR)
Intercept 231 158 " 1.00™* 2627 2,75 0.77
Country (US = 1, UK = 0) —0.17 022 —~0.17 0.20 ~0.25 -~ 001
Organizational context
0.04 —0.14 0.11 —g20" —0.03 —0.03
0.05 017 0.6+ 0.13 ™ 0.01 0.05
Tadividual cha
Director 0.15 —005 —010 o1 038 ™ 0.24
Project ranager 0.07 —006 0.03 005 0.11 0.35 "%
Technical specialist 012 0.04 —0.03 a.09 —0.07 0.01
Field decision maker —0.18 —033" —0.16 —042™** —0.40 —035"
Professional experience 0.00 005 -(0.02 03t* 015 (.29
Personal belief 0.12 %% 0.04 0.07 —-0.04 0.07 0.07
Promoting factors
Custormner competitive prassure a.15 g6 ™ o® 014 ™ 028" 0.07
Social legitimacy pressure o207 gas™ 0.12 —0.03 0.07 o™
Regulatory legitimacy pressure —0.05 001 014 ™ 0.01 —0.16 " 0.09
Barriers
Lack of institutional demand ~017 ~022" -2 ™ 004 0.03 ~0.07
Lack of instinrtional resources 005 15" 0.05 —0.13 0.00 —0.03
Stakeholder influence
Worling parties 0.00 g20™* g17** 0.1t 028" 0.07
Local community interest ~0.04 ~0.06 0.01 002 ~0.06 017"
Institutional field actors —0.14™ —008 0.04 —~0.0% ~0217" ~0.08
Prirnary stakeholders .11 —004 —013% —0.03 0.m 0.1
R 0.33 040 0.43 0.28 0.20 0.33

Note: The aumber of observation is 166,
< 001,

o< 0.05.

*op < 010,

been effectively adopted by current remediation practitioners. The lack of
social sustainability may be attributed to the lack of knowledge and con-
sensus on how to achieve social sustainability (EURODEMO, 2005, ITRC,
2011h). In comparison, sustainable resource usage is well recognized by
green remediation best management practice (USEPA, 2008). Its fack of
adoption may be attributed to a contlict between the technical feasibility
and sustainability, i.e. the most feasible option tends to be energy inten-
sive and resource consuming (Petruzzi, 20113,

While the US and UK remediation practitioners rendered similar rat-
ings on most sustainability considerations, they also displayed discrep-
ancies on some sustainability considerations. The most notable is

Reducing site worker’s risk

Protect groundwater and surface water

Reducing local community risk

Protect habitat and ecosystem

Minimize local impact (e.g. noise, dust, local air quality, traffic)
Minimizing contaminants left behind

Using in-situ remediation rather than ex-situ remediation
Minimizing risk to ecological systems

Minimizing waste generation

Maximize area for redevelopment

Minimize long-term management (e.g. monitoring) requirement
Reducing life-cycle cost

Using monitored natural attenuation rather than active remediation
Increase property value

Encourage public participation and stakeholder involvement
Using fast-track remediation alternative

regarding the usage of in-situ remediation rather than ex-situ remedia-
tion technologies: the US practitioners were nuch more effective than
the UK practitioners in adopting this sustainable behaviour {4.27 vs.
3.39, p < 0.01). This is consistent with data from the US Superfund pro-
grarn, in which 47% of the 1107 source treatment projects from 1982 to
2008 composed of in-situ treatment (USEPA, 2013). In comparison, a re-
cent UK Environment Agency (EA) publication showed that among a
total of 781 sites determined as contaminated land under Part 2A in
England and Wales by the end of March 2007, only approximately
4% projects proposed or used in-situ treatment (EA 2009), This discrep-
ancy may be partly attributed to CERCLA, the governing regulation

Enhancing reuse and recycling

Conserve natural resources

Minimizing water consumption

Using environmental friendly products

Minimizing material use

Minimize global impact (e.g. GHG, fossil fuel / ozone depletion)
Minimizing energy use, increasing energy efficiency
Enhance local employment

Using sustainable energy

Bring prosperity to disadvantaged community

Generating electricity from by-products such as methane gas

1.5

Fig. 1. Ranking the adoption of 27 sustainability considerations by remediation practitioners (Scales 1-5: 1 = not atall, 5 = very effective).
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Align with Organisation’s high level policy

Enhance public image

Future regulatory compliance

Improve relations with local community

Improve competitiveness

Client or customer asked for it

Reach new customer

Increase customer loyalty

Influence future legislation or regulations development
Improve employee motivation or morale

3.0 3.5 4.0 4.5

Fig. 2. Ranking of factors motivating sustainable practice in remediation (Scales 1-5: 1 == not important, 5 == very important).

of remediation in the US, as amended by SARA, expressing a strong pref-
erence to innovative treatment technologies {LISEPA, 1989),as wellasa
strong technology research and demonstration program under this stat-
uary regime, e.g. see Section 311 of CERCLA (2002}, Itis also likely due to
the fact that traditionally remediation projects in the UK are primarily
driven by development needs {Catney et al, 2006); consequently the
remediation industry had preferred to fast-tracked ex-situ remediation
technologies (most often dig and dump), rather than in-situ rechnolo-
gies which tend to be slower and render more uncertainty (Rivett
et al, 2002). On the other hand, we expect that the dramatic increase
of fandfill tax from £7 per tonne in 1996 to £80 per tonne in 2014
{HMRC, 2013), and the phase out of contaminated land exemption of
landfifi tax in December 2008, will significantly increase the usage of
in-situ treatment technology in the UK (2013).

The UK practitioners were more effective than the US practitioners
in “enhancing reuse and recycling” {3.85 vs. 3.29, p < 0.01), and “mini-
mizing material use” (3.43 vs, 3.09, p < 0.01), This is consistent with
our observation that currently the UK rernediation industry is actively
diverting remediation waste from landfills by reusing or recyding
such materials at other sites, mostly particularly under the Definition
of Waste Code of Practice {DoWCoP) (CL:AIRE, 2011), which was devel-
oped by the professional organization CL:AIRE. According to a recent
presentation by CLAIRE, there had been 771 DoWCoP declarations
sinice the launch of the original DoWCoP in 2008, likely involving the
reuse of over 14 million m of material assuming an average declaration
volume of 20,000 m® (Willenbrock, 2013). This sustainable practice has
largely been driven by the dramatic increase in landfill tax as discussed
above, While reuse and recycling generally represent better practice, it
could also potentially lead to new land contamination if not properly
used (How, 2011; Hou et al, 2012a), Given the large volume of contam-
inated soil being diverted under DoWCoP, rigorous scientific study on
its overall sustainability may be warranted,

No regulatory mandate §
Lack of client demand

Cost consideration

Lack of consistent standards §

Lack of expertise/training/resource §

Lack of simple tool

Lack of awarenes

Lack of sustainable remediation technologies §

Lack of scientific evidences of its benefits §

3.2, Promoters of sustainable remediation

Ten sustainability promoting factors were ranked {see Fig. 2), of
which the top three were: “align with organization’'s high level policy”,
“enhance publicimage”, and “future regulatory compliance”, it shouid be
noted that the US practitioners gave a much higher rating for “align with
organization’s high level policy” than the UK practitioners, The US practi-
tioners also gave higher ranking on several market oriented items;
“tmprove competitiveness”, “client or customer asked for it”, “reach
new customer”, and “increase customer loyalty”. In comparison, the UK
practitioners gave much higher rating for regulatory factors {e.g. “future
regulatory compliance” and “influence future legislation or regulations
development”) and social factors {e.g. “enhance public image” and
“improve relations with local community”™). These contrasts suggest
that sustainable remediation in the US is more strongly driven by
market forces and organizational policies, while sustainable remedia-
tion in the UK is more strongly driven by expected change in regulations
and the pressures of social legitimacy.

3.3. Barriers of sustainable remediation

The three most influential sustainability barriers were; “no regulatory
mandate”, “lack of dient demand”, and “cost considerations” {see Fig, 3),
A 2008 survey of SURF members and US regulators also identified the
lack of regulatory driver as being the most significant barrier (Elis and
Hadley, 2009), suggesting this perception did not change over the past
five years despite significant progress being made over this period,
Although many advocates believe that sustainable remediation should
save cost, this study and a previous survey both suggest that in common
perception green and sustainable remediation {GSR) will add cost
{TTRC, 2011a). The “lack of simple tools” and “lack of awareness” were
ranked low, especially by the US practitioners, which may reflect the

T
2.0

LA R L A L A I A B
25 3.0 3.5 4.0

Fig. 3. Ranking of barriers impeding sustainable pracfice in remnediation (Scales 1-5: 1 = not at all, 5 = very significant].
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fact that some simple footprint calculation tools have been developed
by various US government agencies, such as SRT (AFCEE, 2010),
SiteWise (NAVFAC, 2011), and USEPA’s calculation sheet (USEPA,
2012ab). In addition, many federal and statement governments in the
US are promoting green and/or sustainable remediation (DTSC, 2009;
USEPA, 2009; Hlinois EPA, 2012; Minnesota PCA, 2012; Gregon BEQ,
2013; USEPA Region 10, 2012; USEPA Region 2, 2012; USEPA Region
9, 2012). Lack of sustainable remediation technology and sdentific evi-
dence were also ranked low, suggesting it is mainly social-economic
and policy factors, rather than technological factors which are impeding
sustainable remediation.

3.4, Determinants of sustainable behaviour

Factor analysis identified six latent constructs to measure sustain-
ability in remediation {see Table 2 for the list of constructs, items,
and reliability ). Most alpha coefficients were near or above 0.7, a thresh-
old recommended by Nunnally and Bernstein (Nunnally and Bernstein,
1994}, suggesting that our categorization was refatively robust. Among
these six constructs, three constructs measure the social and economic
sustainability: reduce remediation cost and time (RRCT), increase
development value (IDV), and social responsibility (SR); and the other
three constructs measure the environmental sustainability: reduce im-
mediate environmental impact {RIED), reduce distant environmental
impact (RDE!D), and sustainable resource usage {SRU). The following
subsections present the determinant analysis results using the GLM
method.

3.4.1. Internal characteristics

As shown in Table 3, the most influential internal characteristic is the
extent to which the organization’s sustainability policy is applicable to
remediation practices. This factor has significant positive effect on
RDEI {(p < 0.01), SRU (p < 0.01), and RRCT {p ~ 0.01). These results
have strong implications. Consistent with the divect ranking of promot-
ing factors discussed in Section 3.2, which indicates that “align with
organization's high level policy” was the number one promoting factor,
the GLM results further verified the importance of organizational policy
through a correlation analysis, The ranking of promoting factors is based
on the direct perception of respondents; therefore it does not necessar-
Hy reflect the actual effectof the factors (e, respondents might “think” a
factor has impact but actually it does not), In addition, the ranking may
be subjected to perception bias {e.g. a factor is more often heard and
therefore considered more important). In comparison, the GLM analysis
measures the co-variation of each factor and sustainable behaviour;
therefore it provides separate and stronger evidence on the effect of or-
ganizational policy.

Existing studies have shown that sustainability and pro-
environmental behaviour in an organizational setting is positively
tinked to organizational policy (Ramus and Steger, 2000; Manring and
Moore, 2006). A case study on sustainable remediation also indicated
that facility's corporate mission staternent had positive effect on incor-
porating GSR (Petruzzi, 2011). However, there may be discrepancies
between pro-environmental policy and its implementation: policy
statements are easy to make but policy implementation takes serious
effort. Without a business rationale for the implementation of environ-
mental policy, such commitment may sumnply be “greenwashing”
{Ramus and Montiel, 2005), Ramus and Montiel have argued that the
inclusion of specific environmental subpolicies is important for its
implementation {Ramus and Montiel, 2005). Our study confirmed
this claim by showing that the relevance of organizational policy to sus-
tainable remnediation practice played an important role in its implemen-
tation. More bmportantly, our study showed that such relevant policy
can have far more significant effect than other factors such as profes-
sional role, experience, and personal belief This echoes with previous
finding that sustainability in production was “not so much a matter of

diagnestics and technology as it was using policy management with
performance-based standards™ { Manring and Moore, 2006).

Professional roles were also found to have some significant effects,
The professional role was found to influence professional’s view on envi-
ronumnental issues, regardless of organizational association {Yon Borgstede
and Lundqgvise, 2006). In the present study, directors were found to adopt
the 1DV measure more often {p < 0.05), suggesting this group of profes-
sionals are likely to be more business oriented {i.e, caring more about
the value adding activities in planning and redevelopment). Project
managers were found to have a significant positive effect in adopting
SR, suggesting that project managers are probably more involved in ac-
tivities aiming at enhancing the social legitimacy of remedial projects
{e.g. public participation). In contrast with director and project manag-
er, field decision maker was found to have negative effect on several
sustainability measures, most notably RRCT {(p < 0.05}, but also RDE!
{p<0.1) and SR (p < 0.1). While sustainable remediation guidance con-
siders it important to communicate GSR procedures to field staff (1TRC,
2011a), our results suggest that making a sustainable decision can be
extremely difficult in the field. Field work usually involves a complicat-
ed environment, and it demands for quick decision making on many
issues, Moreover, quite often other issues such as progress delay,
health and safety, are considered far more important and can take full
attention of field decision makers. This conflict between sustainable be-
haviour and field decision making warrants further exploration in order
to more effectively adopt GSR measures on the ground.

The effects of personal belief (i.e. personal view of the importance of
sustainability in remediation ) were expected to be significant, However,
it was found to be significant only for RIEl (p < 0.05). It could likely be
due to two reasons; 1) the perception of sustainability by most remedi-
ation practitioners still focuses on environmental impact with spatial or
temporal tmimediacy; and 2) personal belief plays a less imiportant role
in organizational behaviour than in individual behaviour, in which
environmental behaviour studies have shown paramount importance
of personal belief (Grob, 1995; Kollrmuss and Agyeman, 2002},

342, Externad forces

Three types of external forces were examined: promoting factors,
barriers, and stakeholder influence. Latent constructs were used to re-
duce the number of predictor variables. Factor analysis identified
three constructs for promoting forces, two constructs for barriers, and
four constructs for stakeholder influence {see St), The GLM results iden-
tified the four most important external forces; customer competitive
pressure {with significant effects on five of six sustainability measures),
social legitimacy pressure, lack of institutional demand, and stakeholder
influence from working parties {with significant effects on three of six
sustainability measures for each of these last three forces).

Customer competitive pressure had the most significant effect on
RIED {(p < 0.01) and 1DV (p < 0.01), suggesting this market force is very
effective in promoting sustainability considerations that aim at reducing
immediate environmental impact {e.g. minimizing local secondary
impact like noise, dust, and air poliutant), as well as considerations to
increase property and development values, This is straightforward
because the customer competitive pressure originates from the client’s
demand, which calls for action to enhance its “social license to operate”
in a local context {Gunningham ef al, 2004), and which also wants to
ensure their “economic bottorn line” (Elkington, 1998; Hillman and
Keim, 2001). Customer competitive pressure also had significant effect
on RDEL {p < 0.05) and RRCT (p < 0.05), and shightly significant effect
on SRU {p < .1), for simifar reasons discussed above, These effects
were slightly tess significant, probably because these sustainability con-
siderations are temporarily or spatially more distant (RDEL and SRU vs,
RIED), or corresponding to smaller amount of monetary value (e RRCT
vs, IDV). On the other hand, customer competitive pressure did not have
significant effect on SR, suggesting that the improvement in addressing
the social responsibility issue in remediation currently is not directly
originated from client demand.



EPA-R5-2019-004886_0000678

D. Hou et al. / Science of the Total Environment 490 (2014) 905-913 911

Social legitimacy pressure had significant effects on RIEI {p < 0.01),
RDEL {p < 0.05), and SR (p < 0.05). Studies have found that the social
legitimacy of remediation projects attributes to perceived openness
and motives (Eiser et al,, 2007), transparency (Sparrevik et al., 2011},
as well as the social acceptability of remedial technology (Wolfe et al,
2003). It is straightforward that the social legitimacy pressure enhances
the adoption of social responsibility measure {(Waddock et al., 2002).
Social legitimacy pressure reduced both immediate environmental
impact and distant environmental impact, likely due to the fact that
this pressure originates from both local community and the public in
larger context {e.g. the media) {Brown and Deegan, 1998). Regulatory
legitimacy pressure had significant positive effect on SRU {p < 0.05)
and slightly negative effect on IDV {p < 0.1), suggesting that remedia-
tion practitioners expect future legislation to become more friendly to
sustainable resource usage {(e.g. reuse, recycling, sustainable energy),
but probably less friendly to redevelopment on brownfield. The later
effect, even though only significant ata 0.1 significance level, is rather
interesting. Industry observers indicated that the UK is undergoing
a quiet policy shift from focusing on brownfield redevelopment to
alfowing for more greenfield development. Our results may partly re-
flect that change.

The lack of institutional demand had significant negative effect on
RIEI (p < 0.01), RDE (p < 0.01), and slightly significant negative effect
on SRU (p < 0.1}, This lack of institutional demand is a dass of barriers
that are related to the demand side, which may originate from lack of
awareness, lack of regulatory mandate, etc. The GLM results suggested
that the barrier on the demand side mainly impeded the adoption of en-
virorumental sustainability measures, but not so much on the social and
economic sustainability measures, It is lkely because the current sus-
tainable remediation movement has primarily focused on reducing sec-
ondary environimental effect with much less attention to social and
economic sustainability (ITRC, 2011a). Consequently the demand for
sustainable remediation had been interpreted to be mainly associated
with adverse environmental impacts, leading to a lack of correlation of
this barrier with social and economic sustainability.

Four types of stakeholder influence were identified by factor analy-
sis: working parties, local community interest, institutional field actors,
and primary stakeholders. The working parties included all consultants
{excluding primary consultant), contractors, and vendors. Their influ-
ence was found to be the most significant among all four types of stake-
holders, with positive correlation with RDE! (p < 0.05), SRU (p < 0.05),
and IDV (p < 0.05), even though their direct ranking was among the
lowest (see S0}, In comparison, primary stakeholders (site owner, pri-
mary consuitant, regulator, top management) were perceived to have
strong influence (i.e. high direct ranking), but they did not have signif-
icant correlation with sustainable behaviour, These results suggest a
gap between perception and practice in stakeholder influence, More-
over, the stakeholder influence did not seem to have as strong and ex-
tensive effect as one would expect. This lack of significant direct effect
of stakeholder influence on organizational environmental behaviour
has alsc been ohserved in some other studies (Hussey and Eagan,
2007). According o the present study and existing literature, we posit
that decision making in an organization, especially decision making in
infrastructure engineering projects, tends to be affected more by factual
knowledge based institutional norms and pressures, rather than direct
stakeholder influence, partly due to a lack of rigorous stakeholder
involvermnent in most engineering projects,

4. Conclusions

This study presented a cross country (U5 vs. UK) comparison and
determinant analysis of sustainable remediation, based on perceptions
by key decision makers representing the site owner, regulator, primary
consultant, contractor and others. A questionnaire survey was conduct-
ed, and quantitative analysis was performed using factor analysis
and general linear modelling. Survey results indicated that the US

and UK remediation practitioners rendered similar ratings on the adop-
tion of most sustainability considerations, with the overall top three
sustainable behaviours being: "reducing site worker's risk”, “protecting
groundwater and surface water”, and “reducing local community risk”,
Social sustainability and sustainable resource usage were ranked
among the lowest, In comparing the two countries, the US practitioners
were much more effective than the UK practitioners in adopting the
usage of in-situ remediation, while the UK practitioners were more ef-
fective than the US practitioners in “enhancing reuse and recycling”
and “minimizing material use”,

Both internal characteristics and external forces were found to affect
the adoption of sustainable behaviour in remediation. In the ranking di-
rectly provided by respondents, the overal top three promoting factors
were; “align with organizarion’s high level policy”, “enhance public
image”, and “future regulatory compliance”; and the three most influ-
ential sustainability barriers were: “no regulatory mandate”, “lack of
client demand”, and “cost considerations”. The GLM analysis provides
more robust results on the effect of potential determinants. It was
found that organizational policy was the most significant internal char-
acteristic with positive effects primarily on RDEL SRYU, and RRCT.
Customner competitive pressure was the most significant external force
with positive effects on nearly all sustainability categories, Stakeholders’
influence, especially that from primary stakeholders (site owner, regu-
lator, and primary consultant), did not have significant and extensive ef-
fects on sustainable behaviour,

The results of this survey analysis have significance not only for
contaminated site remediation, but also for the wider context of
sustainability science and sustainability practice. We have identified
the following implications, in the hope that they will assist policy
makers to develop effective policy instruments, as well as helping sus-
tainability practitioners to efficiently promote sustainable practice:

1) Factors affecting behaviour in intermediate consumption {goods or
services used in production by enterprises), which is usually decided
by professionals, can be very different from behaviour in consumer
consumption, which is usually decided by individual customers.
While personal experience and personal belief can be extremely
irnportant in determining personal behaviour, they were found to be
far fess important than organizational policy in affecting organization-
al behavigur, suggesting that sustainable behaviour in an organiza-
tional setting may be mainly decided by institutional characteristics,
rather than personal characteristics. As intermediate consumption
can account for nearly half of gross industrial output {ONS, 2012), it
is imperative to conduct rigorous scientific studies to identify the
mechanisms that determine the adoption of pro-environmental and
sustainability behaviowr in organizational settings, and then to incor-
porate such understandings into policy making,

A%

—

Historically the UK remediation industry was largely driven by
development needs and also mostly governed by planning authori-
ties; this societal and regulatory context has promoted the dominant
usage of some unsustainable practices such as dig and dump. A most
recent change in landfll tax regime may significantly discourage dig
and dump, and promote innovative in-situ treatment technologies.
Both examples strongly suggest that the choice of sociceconomic
and policy instruments can significantly affect organizational behav-
iour, which determines the ultimate sustainability of collective action
on an industry level. Therefore, informed decision by regulators and
policy makers is important.,

3} Lack of sustainable technologies was not perceived to be an important
barrier, and lack of institutional resources was not found to be nega-
tively correlated with sustainable behaviour. These results imply
that it was not technological factors which limited the adoption of
sustainability measures. It is rather the “soft” factors (e.g. sodial pres-
sure, market force, organizational environment } which may limit the
wide spread of sustainable behaviour in remediation.

o8]
N
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4} Field workers were found to adopt sustainable behaviour less effec-
tively, suggesting that improvement in the field implementation of
sustainable behaviour is much needed. This can be applied to a
wide range of contexts because the factors affecting field workers
in the remediation field {e.g. time constraint, safety concern) may
also affect field workers in other types of business,

Stakeholders’ influence was not as effective as one would expect. itis
likely due to the fact that stakeholder engagement in remediation
decision making is still very limited. But it is also possible that insti-
tutional forces are more influential than stakeholder forces in driv-
ing sustainable behaviour. The effect of stakeholder engagement in
promoting the sustainability agenda is worth further exploration,

]
Pl

The present study also has several limitations. First of all, the readers
are warned of the limitations of sampling bias as discussed in Section 2.2,
Even though it has not been identified, it was likely that certain sampling
bias may explain some of the observed discrepancies between the US and
UK responses. Secondly, while the statistical significance tests are abjec-
tive, the interpretation of the present results is subject to confirmation
bias. interested readers are suggested not only to read the texts, but
also to explore the numerical results presented in the figures and tables
to obtain their own interpretation. Thirdly, the survey data largely repre-
sent “perceived” results rather than “measured” results. Therefore, the
interpretation of the results must take into account this "perception”
component,
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